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the energy (Cohen & Tertelbaum, 1964) and is amply confirmed in rabbits given diets containing 32% of the energy as sucrose over a six month period (Turner, Bryant & Carter, unpublished results) . The work in rabbits also showed that although glucose tolerance was impaired by sucrose-rich diets consequent upon a reduction in insulin sensitivity, the age-related changes still occurred. Reintroduction of a low sucrose diet resulted in all cases in complete recovery over 2-3 months of both insulin sensitivity and glucose tolerance with no change in insulin secretion (Turner, Bryant & Carter, unpublished results) . These observations in rabbits are summarised in Figures I and 2. j, u .
.
--- The mechanism of the changes in insulin sensitivity associated with sucrose-rich diets is not understood. Insulin secretion in the rabbits given sucrose-rich diets was entirely normal for most of the experimental period, the exception being the first few weeks after weaning, and there was no evidence of excess adiposity, which is associated with insulin resistance in the obese in whom hyperinsulinaemia is also observed.
A long-term reduction in protein intake whether or not associated with reduction in total energy intake (protein-energy malnutrition-PEM)
is also associated with impairment of glucose tolerance but in this instance there is also a reduction in insulin secretion. Insulin sensitivity has not been measured in human patients but in experimental PEM impairment of glucose tolerance is, again, largely a result of loss of insulin sensitivity although the impairment of insulin secretion also contributes. Other endocrine changes include high levels of plasma cortisol and growth hormone, the latter being associated with reduced secretory responses to suitable stimuli and failure of the plasma growth hormone to fall in the face of hyperglycaemia (reviewed by Turner 1972; Lunn et al. 1973) .
The modem concept of hormonal influences on the growth process is that https://www.cambridge.org/core/terms. https://doi.org/10.1079/PNS19780041
VOl. 37
Hormones and food utilization 297 insulin and other insulin-like substances including the somatomedins play an important part. The somatomedins are released from the liver and kidney under stimulation by growth hormone and the modulating effects of other hormones. Growth hormone can therefore be regarded truly as a pituitary trophic hormone.
Its direct metabolic action is the stimulation of lipolysis, a property that it shares with other pituitary trophic hormones such as ACTH and TSH whereas its growth promoting action is moderated by the somatomedias (Figure 3) . The high levels of growth hormone in the malnourished therefore do not indicate increased growth promoting activity but increased lipolysis, a necessary function both between meals and when the diet is inadequate. It has also been reported that in PEM there is a reduction in plasma concentration of somatomedins which is the logical adaptation to an adequate diet and there are also indications in PEM that an inhibitor of somatomedin action appears in the plasma (reviewed by Pimstone 1976). When PEM patients are reintroduced to normal feeding recovery of glucose tolerance and insulin secretion occurs and the growth hormone, somatomedin and cortisol levels return to normal over a period of time.
Thus, the diet-induced changes in endocrine function described appear to be more or less completely reversible.
The now classic observations of Widdowson and McCance (1963) have shown that when food restriction occurs sufficiently early in life--dUring the hyperplasia phase--there is permanent growth stunting whereas undernutrition later in life https://www.cambridge.org/core/terms. https://doi.org/10.1079/PNS19780041 Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 01 Feb 2020 at 12:09:24, subject to the Cambridge Core terms of use, available at during the hypertrophic phase of development leads to weight loss which is reversed when normal feeding is recommenced.
It is now well known that severe food restriction during gestation interferes with the normal development of the brain and associated with this there may be poor development of the pituitary (Stephan et al. 1971) . However, experiments with severe dietary restrictions have limited practical value. An investigation was set up therefore to examine whether changes in the dietary protein and sucrose content of a type known to produce reversible changes in endocrine function in older animals would, when introduced very early in life, result in permanent changes in insulin function. Rabbits were given from mating diets moderately deficient in protein, but there was no reduction in energy intake. The sucrose content of the diets was also varied. The diets given to the reproducing females contained 9, 12 or 1870 of the energy as protein and 8 or 32% of the energy as sucrose. All diets contained 36% of the energy as fat. All offspring were weaned onto the high protein, high sucrose, high fat diet which was intended to simulate the type of diet typical of the UK. Comparisons were also made with rabbits reared and maintained throughout their lives on a stock diet (R. A. G. Christopher Hill Ltd., Poole, Dorset).
I t was found that no offspring of mothers given the 9% protein diet survived to weaning, and survival of the offspring of all groups receiving the diets with the higher sucrose content was also very poor, for reasons which are not yet clear but which need further investigation (Turner, Bryant & Carter, unpublished results). Permanent growth stunting occurred in the offspring of mothers given the 12% protein diet and there was impairment in glucose tolerance and insulin sensitivity, no change due to diet in insulin secretion or blood lipids, and an exaggerated blood glucose increment after intravenous glucagon injection. However, very similar metabolic changes occurred in the control group of offspring of rabbits exposed to a similar dietary situation except that the mothers were given a diet with a higher protein content (18%). In this group the offspring were not growth stunted. As both the 12% and 18% protein groups were receiving the same high sucrose diet from weaning and had similar defects in insulin function, the effects observed must be attributed to the increase in dietary sucrose post weaning. When all animals were put on the stock diet at 44 weeks of age complete recovery of glucose tolerance and insulin sensitivity occurred in both dietary groups.
We concluded, therefore, that the congenital moderate protein deficiency resulted in impairment of growth potential which was not related to insulin function and that high sucrose feeding from weaning resulted in impairment of glucose tolerance and insulin sensitivity, which was reversible. There was no evidence available from the limited number of animals that survived to weaning in the groups in which the mothers were given high sucrose diets whether or not early exposure to sucrose-rich diets had any effect on these particular metabolic variables, and whether or not the high death rate in this group was related to impairment of insulin function.
It is evident for insulin that the major factor determining net hormone function is variation in tissue sensitivity to the hormone, a concept that is familiar to those working on the problems of the obese. Indeed studies of the hormone:tissue interaction in vitro are now quite fashionable. For a long time, major emphasis has been placed on the secretory response to a 'challenge'. Perhaps the time has come to place more emphasis (as some workers are doing) on measurements of hormone concentration under normal physiological circumstances and, at the same time, pay much more attention to the functional implications of changes in the tissue responsiveness to hormones. This thought could be borne in mind not only by research workers but by those who modify growth, and plan to improve milk production, on the farm by manipulating the endocrine equilibrium and by doctors seeking the correct defects in the endocrine system of their patients.
In view of the apparent sensitivity of the endocrine system to dietary variations, a comment from an ancient Chinese source may be worth repeating (in free translation), '. . . a true doctor first finds out the cause of a disease and having found that out he tries to cure it first by food. If that fails, then he prescribes medicine . . .' (Sun Ssemaio-6th century A.D.).
